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My invention relates to heart beat rate indi 
cating apparatus and particularly to electrical 
apparatus for indicating the rate at which the 
heart of a human being beats. 

Heretofore it has been the almost universal 
practice to determine the rate at which the heart 
of a human being beats by feeling the pulse of 
a person at the Wrist or SOme other place of the 
body and counting the number of pulsations for 
a definite period of time, usually a minute. The 
rate of heart beating was then usually expressed 
as so many per minute. It is commonly known, 
at least among doctors, that the heart rate may 
change materially over a period of one minute, 
so that the number of beats counted for a min 
ute is not truly expressive of the heart rate. If 
the number of beats occurring in a shorter period 
is counted, further errors are likely to occur, par 
ticularly because of errors in getting the exact 
length of time of the shorter period. Attempts 
have been made to provide electrical instruments 
for indicating the relatively instantaneous rate 
of heart beating but these have not proven to 
be altogether satisfactory. 
The primary object of my invention is to pro 

vide a new and improved instrument for indicat 
ing the relatively instantaneous rate at which the 
heart beats or pulsates. 
A further object of my invention is to provide 

a new and improved heart beat rate indicating 
apparatus actuated by electric potentials gener 
ated by the heart. 
Another object of my invention is to provide 

a new and improved heart beat rate indicating 
apparatus actuated by electric potentials gen 
erated by the heart and which will indicate the 
rate of the heart beat and will not be affected 
by the amplitude or wave shape of the poten 
tials. 
Another object of my invention is to provide 

a new and improved indicating device of the 
character described wherein the rate is indicated 
in an easily readable manner so that both the 
rate and changes therein may be noted readily. 
A further object of my invention is to provide 

a new and improved indicating device of the char 
acter described which is rugged in construction, 
which may be constructed conveniently, in which 
variations in indications because of temperature 
changes or aging of parts are minimized, and in 
which no moving parts other than the indicator 
itself are utilized. 

Further objects and advantages of my inven 
tion will become apparent from the ensuing de 
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2 
scription, in the course of which reference is had 
to the accompanying drawings, in which: 

Fig. 1 is a schematic diagram of one embodi 
ment of my invention; 

Fig. 2 is a fragmentary schematic diagram ill 
lustrating a modified embodiment of my inven 
tion; and 

Fig. 3 is a view like Fig. 2 of a further embodi 
ment of the invention. 

In general, the apparatus illustrated in Fig. 1 
includes an amplifier to adapted to detect poten 
tials generated by the heart and to amplify fre 
quencies of the order of the R wave (i. e., about 
between 10 and 18 cycles per second), an elec 
trical impulse providing means 12, means 4 con 
trolled by the impulse providing means for pro 
ducing a control voltage proportional to the heart 
rate, and a rate indicating means 6. The ap 
paratus also includes a visual indicating device 
8, controlled by the impulse providing device for 

indicating visually the occurrence of each heart 
beat. The apparatus is supplied with power 
through a power pack 20. 
The amplifier to is constructed and arranged 

to amplify frequencies of the order of the R. Wave 
generated by the heart and to attenuate other fre 
quencies. Each time the heart beats electrical 
potentials are generated and appear most pro 
nounced at certain parts of the body. Graphs 
or curves of these potentials are known as elec 
trocardiograms and are utilized in heart diag 
nosis. Each heart beat produces several 2har 
acteristic waves, of which the P, Q, R, S, and 
T waves are the most pronounced in the normal 
person. It is the R. Wave, occurring at the be 
ginning of the ventricular systole, that is greatly 
amplified in my amplifier to provide an impulse 
each time the heart beats. This Wave normally 
has a greater amplitude than the others and a 
fundamental frequency higher than that of the 
T wave, so, by attenuating frequencies lower 
than that of the R wave, the T waves are discrim 
inated against. The P wave, which has a fre 
quency approaching that of the R wave, has a 
low magnitude so that it does not affect opera 
tion of the apparatus. 
The amplifier input terminals 22 and 24 are 

adapted to be connected to the patient's body 
through a suitable cable and plug (not shown). 
The latter terminal is grounded to the chassis of 
the device and when the cable is not plugged in, 
the other terminal 22 is also grounded by switch 
26 thereby to prevent amplification of extrane 
Ous fields when the device is hot in use. When 
the Cable plug is inserted in place, input terminal 
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22 is ungrounded. The input terminals 22 and 
24 are preferably connected to the right arm 
and left leg, respectively, although other parts of 
the body may be used particularly during studies 
involving physical exercise or during surgery of 
the patient. 

Electric potentials applied to the amplifier in 
put terminals are amplified by the three tubes 
28, 30, and 32, the first two of which may be of 
the 6SJ7 type, and the last of the 6J5 type. The 
tubes are resistance-capacity coupled to operate 
as a cascade amplifier. 
In Order to attenuate frequencies lower than 

that of the R wave and to minimize the effect of 
line voltage Surges, the interstage coupling con 
densers 34, the output coupling condenser 36, 
the interstage coupling resistors 38, and the out 
put coupling resistor 40 are chosen to provide 
a time constant which limits the low frequency 
response of the amplifier. This arrangement 
thus greatly attentuates the T wave so that it 
is not present to any substantial extent in the 
amplifier output. 
In Order to attenuate the higher frequencies 

Such as those resulting from 60 cycle induction 
generally present when the amplifier is connected 
to an unshielded body, bypass condensers 44 are 
connected to the plates of tubes 28 and 30, a 
condenser 46, and choke 48 to the plate of tube 
32, and a condenser 50 and resistor 5 are con 
nected in parallel to the grid of tube 28. 
The gain of the amplifier is adjustable by a 

movable gain control member 52 associated with 
coupling resistor 38 located between tubes 30 
and 32. 

Plate voltage to the amplifier tubes is sup 
plied through a 'B' Supply line 54 leading to 
the power pack 20. 
The amplified R wave is utilized to control the 

current impulse producing means f2 which com 
prises a gas tube 60 (preferably of the 884 type) 
and a condenser 62 in its plate-cathode circuit. 
The gas tube is biased to be non-conductive, at 
which time the condenser is charged, but is ren 
dered conductive upon occurrence of the R wave, 
at which time the condenser discharges. When 
the condenser has discharged to a sufficiently 
low value, which occurs quickly, the tube again 
becomes non-conductive so that an impulse oc 
curs each time the heart beats. The grid 64 of 
the tube is connected to the junction of amplifier 
output coupling condenser 36 and coupling re 
sistor 40 through a resistor 65. The plate 66 is 
connected to the B supply line 54 through re 
sistor 68 and conductor 70 and the cathode 72 
is connected near ground potential through re 
sistor f4 and conductor 76. The condenser 
62 has one side connected to the plate and 
its other side to conductor 76 through the resistor 
78 and condenser 80. Conductor 76 is adjust 
ably connected to resistor TT, one end of which 
is connected to ground and the other end of 
which is connected through resistor 79 to the B 
supply line 54. 
When the gas tube 60 is non-conductive, the 

condenser 62 is charged to near the B supply 
voltage Since One side of the condense is con 
nected to the B Supply line through resistor 68 
and the other side to near ground through re 
sistor 78 and condenser 80. It is preferred that 
resistor 68, condenser 62, resistor 78, and con 
denser 80 be so chosen that condenser 62 is 
charged to about 63 per cent of the B supply 
voltage in about One-tenth Second. 

It may be well at this point to note that the 
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4. 
B supply voltage is maintained substantially 
constant by the two regulator tubes 82 and 84 
connected across the B supply. The plate volt 
age for the first amplifier tube is also regulated 
by a tube 86. The regulator tubes may all be 
of the VR150 type. 

During occurrence of the R wave, the right 
arm (to which amplifier input terminal 22 is 
connected) is negative with respect to the left 
leg so that with a three tube amplifier such as 
that shown, this negative potential makes the 
grid 64 of the gas tube more positive. When this 
happens, the tube becomes conductive and the 
condenser 62 discharges through a circuit in 
cluding the tube and resistor 74. The current 
impulse flowing through this resistor changes 
the potential thereof and the potential change 
is utilized to control the control voltage produc 
ing means f4 and the visual indicating means 8. 
The former of these, it will be remembered, pro 
vides a control voltage proportional to the rela 
tively instantaneous rate at which the heart is 
beating and the latter a visual indication of each 
heart beat. 
The visual indicating means 8 consists of an 

electron ray indicating tube 90, preferably of the 
6U5/6G5 type. Its plate and target are con 
nected to the B supply line 54 through a resistor 
92, its cathode to near ground potential through 
resistor 94 and conductor 76, and the control grid 
of the triode section to the junction of condenser 
62 with resistor 78 and condenser 80 through 
conductor 96. 
When the condenser 62 discharges through the 

circuit, including resistor 74, condenser 80, and 
resistor 78, the control grid of tube 90 becomes 
more negative, the grid being connected to the 
junction of resistor 78 and condenser 62. As a 
result the shadow angle narrows and the target 
glows over a larger area indicating the occur 
rence of an R wave and a heartbeat. The con 
denser 80 and resistor 78 are arranged with suit 
able time constants for maintaining the glow of 
the target for an appreciable period. Thus the 
electron ray tube "blinks' in synchronism with 
the heart beat, or more particularly, with the 
R wave of each heart beat and furnishes an in 
dex to the operator that the instrument is oper 
ating and apprises him that the heart is beat 
ing. It might be noted also that the heart beats 
could be counted by counting the operations of 
the electron ray tube. 
In the embodiment of Fig. 1, apparatus 4 for 

producing a control voltage proportional to the 
rate of the heart beat includes, in the main, a 
gas tube 00 (also of the 884 type), a first con 
denser 02 arranged to be charged whenever the 
tube is non-conductive and to be discharged into 
a Second condenser 04 when the tube is con 
ductive. The tube 00 is rendered conductive for 
a predetermined constant period that is inde 
pendent of the duration and shape of the R wave 
and each time it is rendered conductive the con 
denser f02 is discharged into condenser 04. The 
first condenser f02 is relatively small compared 
to the second condenser 04 and thus raises the 
charge in condenser f04 to a value dependent 
upon the rate of heart beat. 
The apparatus 4 of the embodiment of Fig. 1, 

wherein the condenser 02 is arranged in manner 
illustrated and described, is particularly advan 
tageous in that only a relatively small drain is 
placed upon the B supply. As a result, the B 
Supply voltage regulation is very good and the 
apparatus f4 does not affect the voltages applied 
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to the amplifier and other circuits. It is possible, 
however, to use other tube and condenser ar 
rangements wherein a condenser corresponding 
to condenser 02 is charged when the tube is 
rendered conductive and discharged when the 
tube is non-conductive. Such an arrangement 
is illustrated in Fig. 2 and will be described here 
inafter. It is possible also to use an arrange 
ment wherein the condenser corresponding to 
condenser 02 is charged when the tube is non 
conductive and discharged when the tube is con 
ductive, but wherein a condenser corresponding 
to condenser 04 is also discharged when the tube 
is conductive. Such an arrangement is illus 
trated in Fig. 3, to which reference will also be 
had later. 

Returning now to Fig. 1, the gas tube. OO is 
rendered conductive for a period just long enough 
to enable condenser f02 to be discharged each 
time the gas tube 60 is rendered conductive to 
discharge its associated condenser 62. When the 
condenser 62 discharges, the current flow 
through resistor 74 increases and the potential 
of its cathode end becomes more positive. This 
more positive potential is applied to the grid 06 
of tube 00 to render it conductive through con 
denser 08 and resistor 0. The junction of 
condenser 08 and resistor O is connected to 
ground through resistor 2. The time constants 
of condenser 08 and resistor if 2 are so chosen 
that tube 00 becomes non-conductive when con 
denser 02 is discharged regardless of whether 
tube 60 remains conductive for a longer or 
shorter interval. Thus condenser 02 transfers 
the same energy to condenser 04 each time it 
discharges. Thus, when the heart rate is higher, 
the condenser O2 is discharged into condenser 
O4 more often per period of time and, when it 

it lower, it is discharged less often. Conse 
quently, the charge in condenser 04 at any time 
is dependent upon the average rate at which the 
heart is beating taken over a very short period 
of time, such, for instance, as three seconds. In 
practice, it has been found preferable to limit the 
highest potential to which condenser 04 is 
charged to about 25 volts. 
The condenser 02 is connected to the plate f4 

of tube 00 through resistor 6 and to the 
cathode 8 of the tube through conductor 20, 
the condenser 04, and conductor 22. Conductor 
20 is also connected near ground potential 
through conductor 24 and resistor 26, the 
latter being connected in series with resistors 28 
and 30 across the B supply. The junction of 
condenser 02 and resistor if 6 is connected to 
the B supply line through a resistor 32, Switch 
34, conductor 36, and the previously mentioned 
conductor 70. The condenser 02 is charged 
when tube 00 is non-conductive since one side 
thereof is connected to the B supply line through 
resistor 32, switch 34, and conductors 36 and 
TO, and its other side connected to near ground 
potential through conductors 20 and 24. When 
the tube 00 is rendered conductive, condenser 
O2 discharges through the tube into condenser 
04. Switch 34 is preferably a mercury switch 

to minimize fire hazards that may be present as 
when the apparatus is used in the presence of 
inflammable anaesthetics in an operating room. 
When opened, it functions to render the control 
voltage producing means 4 inoperative. 
A control voltage varying with the average 

charge of the Second condenser 04 is supplied to 
the indicating apparatus 6 through conductor 
40. This voltage is a portion of the voltage 
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drop across resistor 42 which is connected in 
parallel with condenser 44. The parallel con 
nected resistor and condenser are connected in 
parallel with condenser 04 through resistor 46. 
This condenser resistor network is thus so ar 
ranged that condenser 04 discharges through 
resistor 46 into condenser .44 and through re 
sistor 42, and their values are so chosen that 
the voltage across resistor f42 varies with the 
average charge of condenser 44, and thus with 
the heart rate, in such manner that the meter 52 
about to be described indicates the rate with 
but slight crowding at the upper end of the scale. 
In other words, the arrangement is such that 
the heart beat rate can be read without difficulty 
over the full scale of the meter. The portion 
of the voltage drop supplied to apparatus. 6 is 
adjusted by a movable contact member 48. 
To enable the control voltage condenser-re 

sistor network to be made of relatively small 
condensers and resistors, the control voltage is 
supplied to the indicating device 6 which in 
cludes a twin triode vacuum tube 50 (preferably 
of the 6F8G type although two separate tubes 
could be used) and a milliameter 52 preferably 
with a range from Zero to one milliampere) 
having a scale indicating the heart rate in the 
number of beats per minute. The voltage ap 
plied to the meter is varied in response to the 
heart beat rate by the control voltage applied 
to the grid 54 of one of the triode sections 
through conductor 40. The plate 56 of this one 
triode section is connected to the B supply line 
54 through resistor 58 and a potentiometer con 
stituted by resistor 60 and movable contact 62. 
The cathode 64 is connected through a biasing 
resistor 66 and conductor 68 to near ground 
potential, i.e., to the junction of resistors 28 and 
30, which is at a potential slightly above the 

potential of the junction of resistors 26 and 28. 
The second triode section of tube fSO includes 

a plate 70, a grid 72, and a cathode 74. The 
plate is connected to the B supply through re 
sistor 76 and the potentiometer 60-62. The 
grid is connected by conductor 78 to the junction 
of resistors 28 and 30. The cathode is con 
nected by conductor 80 to the junction of re 
sistors 26 and 28 through biasing resistor 82. 
The meter 52 is connected across the cathodes 
64 and 74 in series with a resistor 84, the 
function of which is to minimize changes in 
meter readings due to changes in the meter 
resistance, for instance as a result of temperature 
changes. 
The meter circuit arrangement illustrated and 

described possesses a number of distinct advan 
tages. It possesses more stability in so far as 
the meter readings are affected by voltage varia 
tions of the power Supply; it is of a linear na 
ture; and enables a large range of control volt 
age to be applied to the grid 54 of one of the 
tube sections, all as will be brought out in the 
Succeeding description. 

In a quiescent state, i. e., when the amplifier 
input is disconnected from a patient or when 
switch 34 is open, the meter reads zero. Should 
it not read Zero, it can be adjusted to do so 
by adjusting the potentiometer 60-62. Since 
the meter is connected across the cathodes 64 
and 74, the Zero adjustment can be effected by 
Varying the current flow through the two sec 
tions of the tube until the cathodes are at the 
Same potential, 
The circuit constants are so chosen that in 

the aforesaid quiescent state there is a voltage 
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drop of about 5 volts across resistor. 28. This 
drop is quite constant since the resistor is con 
nected across the B supply in Series with re 
sistors 30 and 26. Current flows through both 
sections of tube f S0, the current through the 
section including plate f 56 and cathode 64 being 
less than the current through the Section in 
cluding plate 70 and cathode 74 by reason of 
the grid f 54 being connected to a lower potential 
than grid f 72. The grid 72 is connected to 
the upper end of resistor f28 through conductor 
78 while grid 54 is connected to the lower end 

of the resistor through conductor 40, contact 
48, resistor f42, and conductors 20 and 24. 
The voltage drop across bias resistor 66 is ar 
ranged to be about 3 volts, so that grid 64 
is about 8 volts negative with respect to Cathode 
64. The voltage drop across bias resistor 82 

is arranged to be about 8 volts so that grid 72 
is only about 3 volts negative with respect to 
cathode 74, and the latter is at the same poten 
tial as cathode 64. The meter 52 thus reads 
Zero in the quiescent state and more current 
flows through one section of the tube than the 
other. 
When the grid 54 is made more positive, as 

it is when the apparatus is in operation, and 
condenser 02 is being discharged into condenser 
f04 in response to the heart beat rate, then the 
current flow through section 56-64 is in 
creased. Assuming that the potential of grid 
f54 is raised 2 volts, then the grid is only 6 volts 
negative with respect to cathode 64. The in 
creased current flow increases the voltage drop 
across resistor f 66 and Cathode 64 is thus at a 
higher potential than cathode 74 and, as a re 
sult, current flows through meter 52 causing 
it to indicate the number of heart beats. The 
current flowing through meter 52 also flows 
through bias resistor 82 so that the potential 
of cathode 74 is raised, making its associated 
grid 72 more negative with respect to it. 
current flow through that section of the tube is 
therefore decreased with a resulting decrease in 
current flow in bias resistor 82. This decrease 
in current flow lowers the potential of cathode 
74. Thus cathode 74 is maintained at a more 

constant potential due to the increased flow 
through tube section S6-64 and the decreased 
flow through section 70-74. Consequently, a 
change in potential of grid 54 produces a change 
in the meter reading, which thus indicates in 
heart beats per second the difference in the cur 
rent flow between the two sections of the tube. 
The arrangement whereby grid 54 is more 

negative to its cathode than grid 72 is to its 
cathode in a quiescent state enables a greater 
range in control voltage to be applied to grid 54 
before it becomes positive relative to its cathode. 
The arrangement whereby an increase in cur 
rent through tube section 56-64 is accom 
panied by a decrease in current in section 70 
t4 and vice versa, enahles the non-linearity of 
one tube section to balance out the non-linearity 
of the other because, since the tubes are oper 
ated in opposite directions, the non-linearity of 
their plate current changes in response to grid 
voltage changes is in opposite directions and 
therefore cancel out the total change in current 
between the two sections being the same at any 
point on their curves for a given change in grid 
Voltage. 
In order to minimize error in meter readings 

because of fluctuations in the voltage of the 
power supply, the tube sections are arranged to 
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8 
pass the same amount of current when the meter 

A Convenient 
range for the scale is 240 beats per minute, so 
that the tube sections pass the same current 
when the meter reads 120 beats per minute. At 
this point voltage fluctuations, which cause a 
change in heater current, cause both sections of 
tube 50 to change alike without disturbing the 
relative potentials of cathodes 64 and 74 so 
that the meter reading is unaffected. At points 
above and below midpoint, a slight change does 
occur in the meter reading, the change, how 
ever, being opposite in direction above to that 
below the midscale reading. The error is thus 
Split and minimized. 
The maximum scale calibration of the meter 

is adjustable by means of the contact 48 con 
trolling the proportion of voltage drop across re 
sistor f42 that is applied to the grid 54. 
The power pack 20 includes a transformer 90, 

the primary 192 of which may be connected to 
a suitable source of 60 cycle alternating current 
upon closure of switch. 94. It includes a full 
Wave rectifier 96 connected through a filter 98 
and a resistor 200 to the B supply line 54. 
The cathode heaters of tubes 28, 30, 32, 60, 90, 

and f 50 are all supplied with current from a sec 
ondary winding 202 having its midpoint grounded 
to the chassis. The cathode heater of tube 00, 
however, is provided with its own source of cur 
rent-the secondary winding 204 which is con 
nected, preferably but not necessarily, at its mid 
point to the cathode f 8 through conductor. 206. 
This arrangement eliminates difficulties other 
wise encountered in operation of this tube re 
Sulting from difference in potential between the 
heater and cathode. By connecting the cathode 
to the transformer winding, these difficulties are 
eliminated and enables the instrument to be cali 
brated with assurance that it will operate in a 
stable manner. 
The chassis of the instrument is connected to 

ground through the parallel connected resistor 
208 and condenser 20. This ground connection 
may be to a waterpipe or other good ground 
connection. 

In operation of the device, the power pack 
transformer 90 is connected to a source of 60 
cycle alternating current by closure of the mer 
cury switch. 94 and the other mercury switch 
134 is closed. The amplifier input terminals 
22 and 24 are connected, preferably, to the right 
arm and left leg of the patient through a cable 
and plug and the terminal 22 is thus ungrounded. 
The amplifier gain control 52 is adjusted so that 
the visual indicating electron ray tube 90 blinks 
consistently. The initial calibration of the de 
vice is effected by adjustment of the movable 
contacts 48 and 62, the latter of which controls 
the zero reading of the meter 52 and the former 
of which controls the maximum scale reading of 
the meter as heretofore described in detail. 
With the amplifier input terminals properly 

connected to the patient, the amplifier is Sup 
plied with electric potentials generated by the 
heart. The R wave is amplified and supplied 
to the impulse producing gas tube 60, the control 
grid 64 of which is rendered more positive upon 
each occurrence of the R. Wave to render the tube 
conductive. Each time the tube is rendered con 
ductive, the condenser 62 is discharged through 
the tube 60, resistor 74, condensed 80, and re 
sistor 78. The electron ray tube 90 is connected 
to the resistor 78 and condenser 80 so that each 
time a discharge occurs, the electron ray tube 
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blinks to indicate the occurrence of a heartbeat. 
Each time an R wave occurs and the tube 60 

is rendered conductive to discharge condenser 62, 
the gas tube OO is also rendered conductive. The 
condenser 02 thereupon discharges into conden 
sers 04 and .44 and the average Voltage of COn 
denser 44 at any time is reflected as the voltage 
drop across the resistor 42. 
voltage drop is applied to the control grid 54 
of the tube 50 to control the flow of current 
through the meter 52; as heretofore described 
in detail, and the meter indicates the rate at 
which the heart is beating averaged Over a 
very short period. 
As heretofore indicated, one of the advantages 

of the present invention is that it requires no 
moving parts other than the indicator or meter 
52, heretofore referred to. Another advantage 

of the invention resides in the fact that the Con 
densers and resistors utilized to provide a control 
voltage proportional to the rate at which the 
heart is beating may be of relatively small values. 
These resistors may have values, for instance, as 
follows: 

Condenser 02----------------- mfd.-- 05 to .08 
Condenser 0---------------------- mfc. 4 
Condenser 44---------------------- mfd-- 4 
Resistor 46-------------------- megohm. A 
Resistor 42------------------------ do---- % 

Consequently, the condensers are of such size 
that they need not be of the electrolytic type 
which are objectionable because of large changes 
in internal resistance and capacity resulting from 
temperature changes and from aging. Such 
changes with electrolytic condensers would re 
quire constant recalibration in order to avoid 
errors. Such recalibration is not necessary with 
the present instrument. The resistors are also of 
such value that they are not affected by changes 
in , atmospheric conditions such, for instance, as 
dampness, which may cause undesirable changes 
in the resistance of large resistors, as by deposit 
of moisture thereon. 

In Fig. 2 there is illustrated a modified form 
of control voltage producing means 4 wherein 
a condenser is charged whenever the tube 00 
is rendered conductive and discharged when the 
tube is nonconductive. This form of control volt 
age producing means can be utilized in place of 
that illustrated in Fig. I and like parts have been 
indicated by like reference characters for pur 
pose of simplification. 
The tube (OO has its plate 4 connected to 

the B supply line through switch 34, and con 
ductors 36 and 70. Its cathode 8 is con 
nected to one terminal of a first condenser 20, 
corresponding to condenser f02, the other ter 
minal of which is connected to the junction of 
resistors 26 and 28 through a resistor 22 and 
conductor 24. Condenser 20 is shunted by re 
sistor 24 and a second condenser 26 in series, 
the latter of which corresponds to condenser 
04 of the embodiment of Fig. 1. Condenser 26 

is in turn shunted by resistor 28 and condenser 
220 in series corresponding to resistor 46 and 
condenser f44 of the embodiment of Fig. 1. 
Condenser 220 has connected across it the resistor 
42 to which the grid 54 of tube 50 is connected 

through conductor 40 and adjustable contact 48. 
In operation, the tube 100 is rendered con 

ductive upon each occurrence of an R. Wave and 
condenser 20 charged to near the B supply po 
tential before the tube is rendered non-conduc 
tive. When the tube is rendered non-conduc 
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O 
tive, condenser 20 discharges into condense's 
26 and 220 and, as in the case of the embodi 
ment of Fig. 1, there is produced across resistor 
42 a control voltage proportional to the relatively 
instantaneous rate of heart beat. A portion of 
this control voltage is applied to the grid 54 of 
tube 50. 
The arrangement of Fig. 2 utilizes circuit ele 

ments having values practically the same as those 
of Fig. 1 and has been found in practice to work 
satisfactorily. It does have a disadvantage not 
present in the arrangement of Fig. 1 in that each 
time tube OO is rendered conductive a relatively 
large current is drawn from the B supply in . 
order to charge condenser 20 quickly. Conse 
quently, it requires a B supply of extremely good 
regulation, so that the operation of the ampli 
fier tubes, etc., will not be affected. 

In the embodiment of Fig. 3 to which reference 
is now had, the plate. 4 of tube, O is connected 
to the B supply line 54through the resistor. 32, 
switch 34, and conductors 36 and 70. The cath 
ode 8 is connected to the junction of resistors 
26 and 28 through resistor 224 and conductor 
24. A first condenser 226, corresponding to con 
densers O2 and 20 of the previously described 
embodiments is connected in shunt across the 
plate and resistor 224. Condenser 226 is shunted 
by resistor 228 and a second condenser 230 in Se 
ries, the latter of which corresponds to condensers 
O4 and 26 of the other embodiments. Con 

denser 230 is shunted by resistor 232 and con 
denser 234 in series and the latter has connected 
across it the resistor f2. 
The condenser 226 is charged, as are condens 

ers 230 and 234, when the tube 00 is non-Con 
ductive. When the tube is rendered conductive 
upon occurrence of an R wave, condenser. 226 
discharges through the tube. Resistor 32 is large 
compared to resistors 228 and 232 so that, when 
condenser 226 is discharged, condenser 230 trans 
fers part of the charge stored in it to condenser 
226 faster than the latter is charged by the B 
supply. As a result, condensers 230 and 234 are 
discharged somewhat each time the tube is ren 
dered conductive and the voltage acroSS resistor 
42 varies inversely with the frequency with 
which the tube OO is rendered conductive. In 
other words, the more rapid the rate of heart 
beat, the less the voltage across resistor 42. In 
this embodiment, the circuit elements have much 
the same values as in the other embodiments, 
This arrangement, while entirely practical, is 

not as advantageous as that of Fig. 1, because of 
the adverse effect of line voltage fluctuations on 
the B supply which are reflected in the Voltage 
across resistor 42. 
While the R wave has been described as the pre 

ferred wave for controlling the apparatus, other 
heart potential waves could be utilized, and Cer 
tain features of the present invention could be 
used to advantage with apparatus Wherein elec 
trical waves are produced in Synchronism with . 
heart beats by movement of suitable mechanical 
electrical translating means, 
Having thus illustrated and described one em 

bodiment of my invention and explained the na 
ture thereof, what I claim and desire to Secure 
by United States Letters Patent is as follows: 

1. Apparatus for indicating the rate at which a 
heart is beating, including in combination, a con 
denser, means for normally charging said con 
denser, means including a first gas tube rendered 
conductive in response to an electric voltage gen 
erated by the heart and a second gas tube ren 
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dered conductive by said first tube and so con 
nected in circuit with said condenser that said 
condenser is substantially completely discharged 
through said second tube each time the heart 
beats, and indicating means controlled in response 
to the frequency of discharge of said condenser. 

2. Apparatus for indicating the rate at which 
a heart is beating, including in combination, a 
condenser, means for normally and quickly charg 
ing said condenser to a constant value, means 
controlled in response to heartbeats for substan 
tially completely discharging said condenser each 
time the heart beats, a second and larger con 
denser into which said first-mentioned condenser 
is discharged and whose average charge is thus 
varied in response to the heart beat rate, and in 
dicating means controlled in response to the aver 
age charge of said second condenser. 

3. Apparatus for indicating the rate at which 
a heart is beating, including in combination, a 
condenser, means including a normally non-cone 
ductive device in circuit with said condenser 
adapted to be rendered conductive for a prede 
termined time interval in response to a heart beat 
to charge said condenser to a substantially cons 
stant value each time the heart beats, a second 
and larger condenser permanently connected to 
the first condenser into which said first condenser 
discharges to vary the average charge of the sec 
ond condenser in response to the heartbeat rate, 
and indicating means controlled in response to 
the average charge of said second condenser. 

4. Apparatus for indicating the rate at which 
a heart is beating, including in combination, 
means including an amplifier for supplying elec 
trical waves in synchronism with heart beats, a 
condenser, a second condenser associated with 
said first mentioned condenser adapted to have 
its average charge controlled by the charging and 
discharging of said first condenser, means in 
cluding a pair of gas tubes arranged so that one 
is rendered conductive in response to said heart 
waves and effects discharge of the first condens 
er through the second tube for controlling the 
average charge of said second condenser by 
charging and discharging said first condenser in 
synchronism with heart beats, and indicating 
means controlled in response to the average 
charge of said second condenser. 

5. Apparatus for indicating the rate at which a 
heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 
electric potentials generated by the heart, Said 
amplifier being constructed and arranged to ami 
plify frequencies of the order of one of the 
potential waves generated by the heart, a first 
condenser, a second condenser associated with 
said first condenser and adapted to have its 
average charge controlled by the charging and 
discharging of said first condenser, means for 
normally charging, said first condenser, means 
including a gas tube controlled in response to 
said amplified wave for substantially completely 
discharging said condenser upon each occurrence 
of said wave thereby to control the average charge 
of said second condenser, and indicating means. 
connected to said second condenser and controlled 
in response to the frequency of discharge of said 
condenser. 

6. Apparatus for indicating the rate at which 
a heart is beating, including in combination, 
means including an amplifier for supplying an 
plified electrical waves in synchronism with the 
heart beats, means connected to said amplifier 
for producing an electrical impulse upon each OC 
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currence of a wave, a first condenser adapted to 
be charged and discharged, a second condenser 
having its average charge controlled by the charg 

O 

ing and discharging of the first condenser, means 
controlled in response to said impulsesfor charg 
ing said first condenser to a substantially constant 
value and then discharging it upon each occur 
rence of an impulse to vary the average charge of 
said second condenser, and indicating means con 
trolled in response to the average charge of said 
Second condenser. 

7. Apparatus for indicating the rate at which 
a heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 

5 electric potentials generated by the heart, said 
amplifier being constructed and arranged to ami 
plify frequencies of the order of one of the poten 
tial waves generated by the heart, means includ 
ing a gas tube connected to the output of said 
amplifier adapted to be rendered conductive upon 
occurrence of said wave and a condenser adapted 
to be discharged when the tube is rendered con 
ductive for producing an electrical impulse upon 
each occurrence of said wave, means including a 
second gas tube controlled in response to said in 
pulses and adapted to be rendered condictive 
upor occurrence of each impulse and a condenser 
the charge of which is varied a definite amount 
when the tube is rendered conductive for produc 
ing a control voltage proportional to the rate at 
which said wave occurs, and indicating means 
controlled by said control voltage. 

8. Apparatus for indicating the rate at whic 
a heart is beating, including in combination, an 
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armplifier, means for supplying said amplifier 
with electric potentials generated by the heart, 
said amplifier being constructed and arranged to 
amplify frequencies of the order of one of the 
potential waves generated by the heart, means 
including a gas tube connected to the output of 
said amplifier adapted to be rendered condictive 
upon occurrence of said wave, a resistor in the 
plate-cathode circuit of the tube and a condenser 
adapted to be discharged through the tube and 
resistor when the tube is rendered conductive for 
producing an electrica inpulse upon each occur 
rence of Said wave, means including a gas tube 
having a grid connected to the Cathode end of 
said resistor and adapted to be rendered conduct 
tive upon occurrence of each impulse, a first con 
denser, a second condenser in the cathode circuit 
of said second mentioned gas tube, means for 
normally charging said first condenser and means 
including said second gas tube for substantially 
completely discharging said first condenser into 
said second condenser each time the tube is ren 
dered conductive, means including a resistor into 
which said second condenser discharges for pro 
ducing a control voltage proportional to the rate 
at which said wave occurs, an electron tube hav 
ing a grid connected to said resistor for varying 
the flow of current through said electron tube in 

70 

response to said control voltage, and indicating 
means in circuit with said electron tube respon 
sive to variations in current flow through the 
tube. 

9. Apparatus for indicating the rate at which 
a heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 
electric potentials generated by the heart, said 
amplifier being constructed and arranged to am 
plify frequencies of the order of one of the poten 
tial waves generated by the heart, means includ 
ing a gas tube connected to the output of saidam 

5 plifier adapted to be rendered conductive upon 
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occurrence of said wave, a resistor in the plate 
cathode circuit of the tube and a condenser adapt 
ed to be discharged through the tube and resistor 
when the tube is rendered conductive for produc 
ing an electrical impulse upon each occurrence of 
said wave, means including a gas tube having a 
grid connected to the cathode end of Said resis 
tor and adapted to be rendered conductive upon 
occurrence of each impulse, a condenser at the 
cathofie end of the plate-cathode circuit of said 
t be adapted to be charged through the tube each 
time the tube is rendered conductive, a resistor 
and a second condenser connected across the first 
mentioned condenser and into which the first 
mentioned condenser discharges to vary its aver 
age charge. a definite amount for each heart beat, 
nleans including a resistor connected across said 
second mentioned condenser for producing a con 
trol voltage proportional to the rate at which the 
wave occurs, and means including an electron 
tube and a meter controlled in response to said 
control voltage for indicating the heartbeat rate. 

10. Apparatus for indicating the rate at which 
a heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 

0 
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electric potentials generated by the heart, said . 
amplifier being constructed and arranged to am 
plify frequencies of the order of one of the poten 
tial waves generated by the healt, means includ 
ing a gas tube connected to the output of Said 
amplifier adapted to be rendered conductive upon 
occurrence of said wave, a resistor in the plate 
cathode circuit of the tube and a condenser adapt 
cd to be discharged through the tube and resistor 
when the tube is rendered conductive for produc 
ing an electrical impulse upon each occurrence 
of Said wave, means including a gas tube having 
a grid connected to the cathode end of said re 
sistor and adapted to be rendered conductive upon 
occurrence of each impulse, a first condenser 
connected across the plate and cathode of said 
tube and a second condenser connected through 
a resistor across said first condenser, whereby 
both said condensers are normally charged and 
are discharged when the tube is conductive and 
the average charge of the second is dependent 
upon the frequency of the conductive periods of 
the tube, means including a resistor connected 
across said second condenser for producing a 
control voltage proportional to the rate at which 
the wave occurs, and means including an elec 
tron tube and a meter controlled in response to 
said control voltage for indicating the heart beat 
rate. 

11. Apparatus for indicating the rate at which 
a heart is beating, including in combination, elec 
tric charge storing means, normally operative 
means for supplying said means with a substan 
tially constant electric charge, means controlled 
in response to, but independent of, the amplitude 
and duration of a potential Wave generated by the 
heart for discharging said charge storing means 
once during each heart cycle, said means includ 
ing a normally non-conductive gas tube through 
which the charge storing means discharges and 
which is rendered conductive once each heart 
cycle for a length of time sufficient substantially 
completely to discharge said charge storing 
means, and indicating means controlled in re 
sponse to the frequency with which said charge 
storing means is discharged. 

12. Apparatus for indicating the rate at which 
a heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 
electric potentials generated by the heart, said 
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amplifier being constructed and arranged to an 
plify frequencies of the order of one of the poten 
tial waves generated by the heart, means includ 
ing a gas tube connected to the output of said 
amplifier adapted to be rendered conductive upon 
occurrence of said wave, a resistor in the plate 
cathode circuit of the tube and a condenser adapt 
ed to be discharged through the tube and resis 
tor when the tube is rendered conductive for pro 
ducing an electrical impulse upon each occur 
rence of said wave, means including a second 
gas tube having a grid connected to the Cathode 
end of said resistor and adapted to be rendered 
conductive upon occurrence of each impulse, 
means controlled by said second gas tube for 
producing a control voltage proportional to the 
rate at which said wave occurs, an electron tube 
having a grid supplied with said control voltage 
for varying the flow of current through said elec 
tron tube in response to said control voltage, a 
second electron tube, means including a common 
power source for effecting flow of current through 
both of said electron tubes, current responsive in 
dicating means connected across the cathodes of 
the electron tubes, and means including a poten 
tioneter for varying the plate-cathode current of 
both said tubes for adjusting the Zero reading of 
said indicating means. 

13. Apparatus for indicating the rate at which 
a heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 
electric potentials generated by the heart, said 
amplifier being constructed and arranged to am 
plify frequencies of the order of one of the poten 
tial waves generated by the heart, means includi 
ing a gas tube connected to the output of said am 
plifier adapted to be rendered conductive upon 
occurrence of said wave, a resistor in the plate 
cathode circuit of the tube and a condenser adapt 
ed to be discharged through the tube and resistor 
When the tube is rendered conductive for pro 
ducing an electrical impulse upon each occurrence 
of said wave, means including a gas tubehaving a 
grid connected to the cathode end of said resis 
tor and adapted to be rendered conductive upon 
occurrence of each impulse, means controlled by 
said second gas tube for producing a control volt 
age proportional to the rate at which said wave 
occurs, an electron tube having a grid supplied 
with said control voltage for varying the flow of 
current through said electron tube in response to 
said control voltage, a second electron tube, means 
including a common power source for effecting 
flow of current through both of said electron 
tubes, and current responsive indicating means 
connected across the cathodes of said tubes, the 
grid of the first mentioned electron tube being 
biased to be more negative than the grid of the 
Second electron tube and the cathodes at the same 
potential when the meter reads zero. 

14. In apparatus of the type described, the Com 
bination including, means providing a control 
voltage varying in response to the rate of the 
beating of a heart, an electron tube having a plate, 
cathode, and grid, means for supplying said con 
trol voltage to said grid, a source of direct cur 
rent B voltage connected to the plate circuit of 
said tube, a second electron tube having a plate, . 
Cathode, and grid, means connecting the plate cir 
cuit of said second tube to Said source of B volt 
age, a meter connected across said cathodes, and 
means for adjusting the current flow through the 
two tubes for adjusting the Zero reading. of said 
meter. 

15. In apparatus of the type described, means 
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providing a control voltage varying in response to 
the rate of the beating of a heart, an electron tube 
section having a plate, cathode, and grid, Ineans 
for supplying said control voltage to said grid, a 
source of direct current B voltage connected to 
the plate, a bias resistor connected in circuit with 
the cathode, an electron tube section having a 
plate, cathode, and grid, said plate being con 
nected to said source of B voltage, a bias resistor 
in circuit with the cathode of said second tube 
section, said first mentioned bias resistor being 
connected to said B supply at a point having a 
potential above that to which the second men 

O 

tioned cathode resistor is connected, a connection 
from the grid of the second tube section to the 
end of the first mentioned bias resistor remote 
from the cathode, a meter connected between the 
two cathodes, and means for adjusting the Zero 
reading of said meter including a potentiometer 
for simultaneously varying in opposite senses the 
current flow through the tube Sections. 

16. In apparatus of the type described, the com 
bination including, means providing a control 
voltage varying in response to the rate of the 
beating of the heart, an electron tube having a 
plate, cathode, and grid, means for supplying 
said control voltage to said grid, a second elec 
tron tube having a plate, cathode, and grid, a 
common source of B voltage connected to the 
plates of said tubes, a meter connected across the 
cathodes of said tubes, and means including re 
sistance means in the cathode circuits for biasing 
the grids of the tubes so that current flows 
through both tubes and so that the current flow 
through the second tube is greater than that 
through the first when the control voltage is 
ZeO. 

17. In apparatus of the type described, the com 
bination including, means providing a control 
voltage varying in response to the rate of the 
beating of the heart, an electron tube having a 
plate, cathode, and grid, means for supplying 
said control voltage to said grid, a second elec 
tron tube having a plate, cathode, and grid, a 
common source of B voltage connected to the 
plates of said tubes, a meter connected across 
the cathodes of said tubes, and means including 
resistance means in the cathode circuits for bias 
ing the grids of the tubes so that the current flows 
through both tubes and so that the flow through 
the second tube is greater than that through the 
first and the cathodes are at the same potential 
when the control voltage is Zero. 

18. In apparatus of the type described, the Com 
bination including, means providing a control 
voltage varying in response to the rate of the 
beating of the heart, an electron tube having a 
plate, cathode, and grid, means for supplying 
said control voltage to said grid, a second elec 
tron tube having a plate, cathode, and grid, a com 
mon source of B voltage connected to the plates 
of said tubes, a meter connected acroSS the cath 
odes of said tubes, and means including resist 
ance means in the cathode circuits for biasing 
the grids of the tubes so that the current flows 
through both tubes and so that the flow through 
the second tube is greater than that through the 
first and the cathodes are at the same potential 
when the control voltage is zero, whereby said 
meter reads Zero, and that both the tubes pass 
equal currents when the control voltage is such 
as to move said meter to substantially its mid 
Scale point. 

19. In apparatus of the type described, means 
providing a control voltage varying in response 
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to the rate of the beating of a heart, an electron 
tube having a plate, cathode, and grid, means for 
Supplying said control voltage to said grid, a 
source of direct current B voltage connected to 
the plate, a bias resistor connected in circuit with 
the cathode, a second electron tube having a plate, 
cathode, and grid, said plate being connected to 
Said source of B voltage, a bias resistor in circuit 
with the cathode of said second tube, said first 
mentioned bias resistor being connected to said B 
Supply at a point having a potential above that 
to which the second mentioned cathode resistor is 
connected, a connection from the grid of the sec 
Ond tube to the end of the first mentioned bias 
resistor remote from the cathode, a connection 
from the grid of the first tube to the end of the 
Second mentioned bias resistor remote from the 
cathode, and a current responsive meter con 
nected between the two cathodes. 

20. Apparatus for visually indicating the oc 
currence of heartbeats, including in combination, 
means including an amplifier for supplying elec 
trical waves in synchronism with the heartbeats, 
a gas tube having a plate, cathode, and a grid 
biased normally to be non-conductive, means in 
cluding a connection from the grid to the ampli 
fler output for rendering the tube conductive upon 
each occurrence of a wave, a condenser and re 
sistor in the plate-cathode circuit of said tube, 
means for charging said condenser when the tube 
is non-conductive whereby said condenser is dis 
charged through a circuit including said tube and 
resistor when the tube is rendered conductive, an 
electron ray tube of the indicating type having a 
control grid, and means connecting said grid to 
said discharge circuit whereby said electron ray 
tube visually indicates each heart beat, 

21. Apparatus for visually indicating the occur 
rence of heart beats and the rate thereof, includ 
ing in combination, an amplifier having an out 
put and an input adapted to be supplied with 
potentials generated by the heart and arranged 
to amplify frequencies of the order of one of the 
generated potential waves, a gas tube having a 
plate, cathode and grid biased normally to be 
non-conductive, means including a connection 
from the grid to the amplifier output for render 
ing the tube conductive upon each occurrence of 
said one potential wave, a condenser and resistor 
in the plate-cathode circuit of said tube, means 
for charging said condenser when the tube is 
non-Conductive whereby said condenser is dis 
charged through a circuit including said tube and 
resistor when the tube is rendered conductive, an 
electron ray tube of the indicating type having 
a control grid, means including a gas tube hav 
ing a control grid, electric charge storing means 
connected to and having its discharge variable 
by said last mentioned gas tube, and indicating 
means connected thereto and controlled in re 
sponse to the charge of said charge storing means 
for indicating the rate at which the heart beats, 
and means connecting the grids of said electron 
ray tube and last mentioned gas tube to said dis 
charge circuit whereby said electron ray tube 
visually indicates each heartbeat and said indi 
cating means indicates the rate of the heart beat. 

70 

75 

22. In apparatus of the type described, the com 
bination including, an amplifier including elec 
tron tubes having cathodes and cathode heaters 
for amplifying a heart potential wave, means in 
cluding a gas tube having a cathode and cathode 
heater and connected to said amplifier for sup 
plying a current impulse upon each occurrence 
of the potential wave, means including a second 
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gas tube having a cathode and cathode heater 
and controlled in response to said current im 
pulses for providing a control voltage propor 
tional to the frequency of said impulses, means 
including an electron tube having a cathode and 
cathode heater and controlled in response to said 
control voltage for indicating the frequency of 
said impulses, a power pack including a rectifier 
for Supplying B voltage to all said tubes, a first 
secondary Winding for supplying heater current to 
all said tubes but said second gas tube and a sec 
ond secondary winding for supplying heater cur 
rent to the heater of said second gas tube only, 
and a connection from the cathode of said sec 
ond gas tube to said second secondary winding. 

23. Apparatus for visually indicating the occur 
ence of heart beats, including in combination, 
means including an amplifier for supplying elec 
trical waves in synchronism with the heart beats, 
a gas tube having a plate, cathode, and a grid 
biased normally to be non-conductive, means in 
cluding a connection from the grid to the ampli 
fier output for rendering the tube conductive 
upon each occurrence of a wave, a condenser and 
a resistor in the plate-cathode circuit of said tube, 
means for charging said condenser when the tube 
is non-Conductive whereby said condenser is dis 
charged through a circuit including said tube and 
resistor when the tube is rendered conductive, an 
electron ray tube of the visual indicating type 
having a control grid, means connecting the grid 
of said electron ray tube to said discharge circuit 
so that said electron ray tube provides a visual 
indication of the occurrence of a heart beat upon 
the discharge of said condenser, and means in 
cluding a time delay circuit aSSociated with said 
electron ray tube for increasing the duration of 
Said visual indication. 

24. Apparatus for indicating the rate at which 
a heart is beating, including in combination, an 
amplifier, means for supplying said amplifier with 
electric potentials generated by the heart, said 
amplifier being constructed and arranged to am 
plify frequencies of the order of one of the poten 
tial waves generated by the heart, means includ 
ing a gas tube connected to the output of said 
amplifier adapted to be rendered conductive upon 
occurrence of said wave, a resistor in circuit with 
the tube, and a condenser adapted to be dis 
charged through the tube and resistor when the 
tube is rendered conductive for producing an elec 
trical impulse upon each occurrence of said wave, 
means including a second gas tube connected to 
said discharge circuit and controlled in response 
to Said impulses and adapted to be rendered con 
ductive upon occurrence of each impulse, a dis 
charge condenser controlled by said second tube 
and the charge of which is varied when the sec 
ond tube is rendered conductive and a storage 
condenser in circuit with said second tube the 
average charge of which is controlled by the vari 
ations in the charge of said discharge condenser 
for producing a control voltage proportional to 
the rate at which said wave occurs, and indicat 
ing means controlled by said control voltage. 

25. Apparatus for indicating the rate at which 
a heart is beating, including in combination, 
means including an amplifier for supplying elec 
trical waves in Synchronism with the heart, means 
connected to the amplifier for producing an elec 
trical impulse upon each occurrence of a wave, 
a condenser, means for normally charging said 
condenser, a second condenser associated with 
said first condenser and adapted to have its aver 
age charge controlled in response to the charging 
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and discharging of said first condenser, means 
for normally charging said second condenser, 
means controlled in response to said impulses 
adapted to discharge said first condenser upon 
each occurrence of an impulse thereby to control 
the average charge of said second condenser, and 
indicating means controlled in response to the 
average of Said second condenser. 

26. Apparatus for indicating the rate at which 
a heart is beating, including in combination, first 
electric charge storing means, second electric 
charge storing means, indicating means Con 
trolled in response to the average charge of Said 
second charge storing means, and means for vary 
ing the average charge of said second charge 
storing means by the charging and discharging 
of said first charge storing means, said last men 
tioned means including means connecting said 
second charge storing means to said first charge 
storing means, a gas tube in circuit with said first 
charge storing means for charging said first 
charge storing means, and means controlled in 
response to the potential waves generated by the 
heart for rendering said tube conductive for a 
short interval sufficient to charge said first charge 
storing means to substantially a constant value 
each time the heartbeats. 

27. Apparatus for indicating the rate at which 
a heart is beating, including in combination, first 
electric charge storing means, second electric 
chargestoring means, indicating means controlled 
in response to the average charge of said sec 
ond charge storing means, and means for vary 
ing the average charge of said second charge stor 
ing means by the charging and discharging of 
Said first charge storing means, said last men 
tioned means including a gas tube in circuit with 
said first charge storing means, means includ 
ing unidirectional impulse producing means con 
trolled in response to the potential waves gen 
erated by the heart for rendering said tube con 
ductive for a short interval sufficient to vary the 
charge of said first charge storing means a sub 
stantially constant amount each heart beat, and 
means associating said tube and charge storing 
means in circuit so that the average charge of 
said second charge storing means is controlled by 
the charging and discharging rate of said first 
charge storing means. 
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